
UNCLASSIFIED

AD 269 826

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

[rfNCLAS'SIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in aniy way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



Report No.

LOI0l1I-01-19

00 000 CORPORATION

V AZUSA, CALIFORNIA

I N O R M A L R E P O R T O F P R O G R E S S

... Copy •.

L11 Janu.ry 1962

TO: Comiandian General
Frankford Arsenal
Philadelphia 37, Pennsylvania

- Attn: ORDBA, Dr. H. Gisser

SUBJECT: investigation of Stress-Corrosion Cracking
of High-Strength Alloys

CONTRACT: DA-04-?I95-oRD-3069 
aPERIOD

COVERED: 1 November through 30 November 1961

This is the twelfth in a series of informal progress repoasiP
submitted in partial fulfillment of the contract.

AEROJET-GENERAL CORPORATION

Head, Mataflics & Refractories Section
Research and Engineering Dept.
Structural Materials Division

NOTE: The information contained herein is regarded as preliminary

C*, 4 and subject to further checking, verification, and analysis.

004#



Report No. L041 4-0l-l2

I. OBJECTIVES

The objectives of this program are:

A. To study the susceptibility to stress-corrosion cracking of solid-

rocket-motor case materials: e.g., Vascnjet 1000, Type 300M, and Ladish D6AC

alloy steels, AM355 and PH 15-7 Mo stainless steels, and B12OVCA titanium

B. To study the enviror•mental parameters, including the atmosphere

both inside and outside the rocket case, that affect the rate and extent of

stress corrosion

C. To determine the effect of material parameters (composition, strength

level, microstructure, surface conditions, etc.) on the stress-corrosion process

D. To devise and evaluate techniques for preventing the stress-

corrosion cracking of solid-rocket-motor case materials.

!I. WORK PROGRESS

A. BEINT-BEAM SPECIMENS

All of the environmental bent-beam stress-corrosion test data

compiled to date are summarized in Table 1. These results reflect both completed

tests and tests in progress. Six alloys are being evaluated in eleven different

environments. Specimens of Iadish D6AC, Type 3001M, arn Vascojet 1000 alloy

steels, AM355 and PH 15-7 Mo stainless steels, and B120VCA titanium alloy are

being tested in air, distilled water, tap water, 0.25% sodium dichromate

solution, 1% marquench salt solution, 3% sodium chloride solution, trichloro-

ethylene, cosmoline, 4% soluble-oil solution, high humidity atmosphere, and

solid propellant.
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1. Air

No failures were observed with any of the specimens exposed

to laboratory air. The duration of most of the exposure periods was 4 weeks.

Some Iadish D6AC and PH 15-7 Mo specimens were exposed for over 17 weeks.

Average air temperature in the laboratory was 75 0 F; the relative humidity averaged

54,.

2. Distilled Water

An environment of distilled water was found to be the most

conducive to stress-corrosion cracking. At yield strengths ranging from 235,000

to 250, 000 psi, Vascojet 3.000 specimens failed in the shortest period of time,

generally within a week, Specimens of Type 300M and ladish D6AC alloys began to

fail after 7 weeks of exposure. No failures were noted with the titanium or

stainless steel alloys, even after 17 weeks of exposure.

3. Tap Water

Some failures were observed in i tap imter environment;

however, when compared to distilled water, the number of failures was smaller,

and the time before failure was longer. Vascojet 1000 again was the alloy most

susceptible to stress-corrosion cracking. The average times-to-failure for

specimens with yield strengths ranging from 235, 000 to 250, 000 psi was 1 to 2

weeks for the Vascojet 1000 alloy, while there were no failures of the Type 300MOr

Ladish D6AC steels after tore than 16 weeks of exposure. No failures were noted

with the titanium or stainless steel alloys after the same exposure period.

4. Sodium Dichromate Solution

No failures were observed with specimens exposed to a 0.25%

by wt sodium dichromate solution. Exposure times ranged from 3 to 15 weeks .

This environment also inhibited surface corrosion on all of the alloys.

5. I4arquench Salt Solution

No failures were observed with specimens exposed to a l5r by wt

solution of Plarquench salts (a mixture of nitrates and nitrites). Exposure times
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ranged from 3 to 15 weeks. This envirouent also inhibited surface corrosion

on all of the alloys.

6. Salt Solution

Stress-corrosion cracking of Vascojet 1000 steel occurred after
an exposure time of 1 to 2 weeks in a solution of 3% by wt of sodium chloride.

None of the other alloys failed in up to 15 weeks of exposure time. The one
exception to this was the B120VCA titanium alloy; however, these failures were

attributed to faulty specimens rather than to stress-corrosion cracking.

7. Trichloroethylene

Tvo specimens of one of the alloys tested fa.iledc :n a tri-

chloroethylene environmcnt after exonsure times ranging from 3 to 15' Teeks. The

alloy whirth failed! was PI20VCA tV.tanijun; then52 ftilures were attributed to

faulty specineiis r2ither than to stress-corvosion cracking.

8. Cosmoline

All specimens tested in E. F. Houghton's Cosmoline 377, a

water-displacing rust preventive, passed exposure periods of 3 to 15 weeks

without failure.

9. Four Percent Soluble-Oil Solution

No failures were encountered with any of the specimens tested

in a 4 by volume aqueous solution of Chevron's soluble oil. Exposure periods

ranged from 3 to 15 weeks.

10. High Humidity

An atmosphere of 100% humidity at 1900 F, caused no failure in

specimens of PH 15-7 Mo stainless steel in a period of 16 weeks, and AN355 in

2 weeks. Ladish D6AC specimens showed failure times of 1 to 2 weeks at the

higher strength levels and no failures in 26 weeks at lower strength levels.

Type 300M steel specimens began to fail in less than a week.
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11. Solid Propellant

Selected specimens of each alloy were bonded with a solid

propellant and subjected to long-term storage at both ambient temperature and

at 180°F. Since the testing in this environment has just been initiated, no

data is available at this time.

B. U-BEND SPECIMENS

All the environmental U-bend stress-corrosion test data compiled to

date are summarized in Table 2. U-bend specimens of ladish D6AC, Type 300M, and

Vascojet 1000 alloy steels are being tested in distilled water, tap water,

oA5% sodium dichromate solution, 1% Marquench salt solution, 3% scdium chloride

solution, trichloroethylene, Cosmoline, and 4% soluble-oil solution.

1. Distilled Water

As with the bent-beam specimens, a distilled-water environ-

ment was found to be the most aggressive. In the yield strength range of

235, 000 to 250, 000 psi, Vascojet 1000 specimens failed in about 1 week, while

Type 300M and Ladish D6AC specimens failed in 2 to 4 weeks. Failures of all

three alloys were observed at the 200, 000 psi yield strength level; these

failures occurred in 16 to 24 weems.

2. Tap Water

Failures at the higher strength levels were observed at about

the same time they occurred in distilled water. However, at lower strength

levels, no failures were recorded in this environment after 24 weeks of exposure.

3. Sodium Dichromate Solution

No failures were observed with any of the specimens tested in

an environment containing sodium dichromate.

4. Marquench Salt Solution

No failures were observed with any of the specimens tested in

a marquench selt solution environment.
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5. Salt Solution

A salt solution environment was about equally as aggressive
as was the distilled water. However, the Ladish D6AC alloy was slightly more
resistant, since no failures were observed at the 200, 000 psi yield. strength

level after 24 weeks of exposure.

6. Trichloroethylene

Specimens of all 3 alloys at the higher strength levels failed
in this environment after about seven weeks. No failures have occurred at the

lcwer strength levels after 24 weeks of exposure.

7. Cosloline

No failares were observed in the case of specimens tested in a
Cosmolir.P environment.

8. Four Percent Soluble-Oil Solution

No failures were observed with any of the specimens tested in

, 4,) scluble-oil solution.

III. * MUBE WORK

The following future work is pa..nned:

A. Continuation of the tests already in progress

B. Completion of the environmental stress-corrosion testing with bent-
beam specimens of all the candidate alloys which have been bonded with solid

propellant at ambient and at elevated temperatures

C. Environmental stress-corrosion testing of welded bent-beam specimens
of Ladish D6AC, Type 300M, and Vascojet 1000 alloy steels, and B120VCA titanium

alloy, in distilled water, tap water, salt water, and high humidity

D. Screening and evaluation of protective coatings for preventing or

minntimzing stress -corrosion cracking.
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TABLE 1

]ENT-rBTAME

Envir

Yied Ar ietlld Wter Ta Waer 0.d5% Na Cr0  Soin. 1% Marquench
Yield_______ Air________ ______________ Wae7a ae Salt Soln. 3

Strength TDm o'ime to TDime to 'Dime to Time to
0.2% Offset No. of Failure No. of Failure No. of Failure No. of Failure No. a.f Failure No.c

Alloy psi x 10-3 Specimens (Dlays) Spnecimenis (Dys Specimens (Days) Specimens (Days) Specimens (Dys S ci

Ladish fl6AC 1.9T.5 3 NF-28" 5 NF-21 3 NE-Pi 5 NF-21 3 NF-21 3
222.5 3 NF-28 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3
222.5 - --- --- - - - -

222.5 - ---- ----

255.0 3 NF-28 3 NE-P1 3 NF-21 3 NF-21 3 NF-21 3
235M 3 NF-121 25 NF-lo4 3 NE-104 3 NF-104~ NF-10l4 3
235.0 - 5 NF-12l 3 NF-121 - - --

235.0 - -1 138 -- - - - -

252.0 3 NF-Pl NF-213 NF-213 F1 3N-2 3

252.0 3 NF-121 2 NF-121 3 NF-1lo4 3 NE-10
1  3 NF-l011 3

252.0 - - I 84,.o 3 NF-121 - -- - -

252.0 - - 1 95. ---- --

252.0 - - I11. -- - ---

252.0 - - 118. -------

Type 30DM l,)6.o 3 NF-28 3 NF-21 3 NF-2i 1) NE-21 3 NF-21 3

ý213. 0 5 NF-28 5 NF-21 5 NE-.-1l 3 NE-21 3 UF-21 3
213.0 - --- -- - - - -

213.0--- -----

2;6-0 3 N7-28 5 N7-21 3 NE-iL, NF-21 3 NE-21 3
235.0 - -1 NF-121 3 57-12 I: I - --

233.0 1 - I 2.i -------

Vascojot D100 1 1.i3 N7-a8 5 N7-21l NE-1Ol 3 5-21 3 NF-21 3

w7-L8 3 N7-21 N F-;l I NF- 21 1 NF-21 3

.237.5 3 TI17-02 1 1. N 5. 5-21 3NF-21 1
237.5 - -1 (.8 14- lt -

S23 7. - - 1 7., I 157 --- 1

2101.0 3 1Ea NF-21 3NE-i-l 1

AM.355 19.() 3 IMFl -4,I NEJJ N 5.ij 3 NE..1ý0 3

2150.0J(L) 3 NEF2 NE NE -l N7-;il 3 5_1i 3
P50.0(L) - NF . -1 NF- I 'I ---

2'r8. 1,(L) 223 N IN Ei NF-21 5
-- NF-~ 'A N-I,- LI - ---

P11 ''- M,- iT1'.l - If. W, fill 'F I, ,71 vIN -'

NF10 '1- lo, NY I-lo F L

237.0 11-:0 ' 1 -I' 1 -'NEi ' NF-101'

Titaniumn 137.5(L) NE-2
3  

NiiN' E-lA~I 5~

NF.() 1-28 EO NF-API i~ N-;M

Y)9. 5(T) -

14,9.5('D) - - - 1I

14,5.5(T) ---- -- -1

I1j').O(') 15 NF-:Ii NY-;, LEi N NE-i

11,0.o(L) 3 5.<' N1-: Ni-:*I NE-:i

1i9.0NY357;'18 3F 21- 14F-21 " NE-oL
a, 0 ,T N7-1:1 NE-I 1

~,iStroease' to 74Ij of tho ,'4 lrfc-t y~eld atronpth-

L longiltudinal, T transvoro'.
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ftvirnment -

Distiled________2_____t Salt Solo. 5% Neel] Son. Trjeb].oroeh~~ Commoline 40Sl1.-1 o
Tm.t me to 1qim to v eN -0.Tm _ i

No. of Failure No. of Failure No. of Pailure No. of Failure No. of F&i lure MO. of Failure No. of Failure No. of Wai3.uz
-Specimens (Days specimlriu £DWL specimens (Di~ys Specimens (Dya specimens jRej Stiecimmos (Dys Specimens (DAYS Specimens LDj

6 3 117-21 3 111-21 3 111-21 3 f1-21 3 11W-21 3 N7-21. 3 NY-21 3 EF-23

3 IMP-21 3 111-21 3 N17-21 3 117-21 3 117-21 5 11-21 3 NF-21 3 IF-2]

3 RP-21 3 N11-21 3 N17-21 3 N11-21 3 117-21 5 N17-21 3 111-21 3 NY-23
2 17-1014 3 111-104 3 117-104 3 117-104 3 141- 104 3 117-1014 3 117-104 3 17-ic
3 N7-121 3 N7-121 - - - - - --- ---

1 103.8 - - - - - -- -----

3 H7-21 3 N7-21 3 N11-21 3 N17-21 Is N1-21 3 N7-21 3 111-21 3 1W-23
2 17-121 3 17-1014 3 17-1014 3 NF17lh 3 117-104 3 17-]0" 3 Nr-1014 3 117-1c
1 84.o 3 17-121 -- -- -- - - - - - -
1 95.8 - - - - - --- ------

1 113.0 - - - - - --- --- --

1 118.7 - -- -- - - - - - - - -

3 117-21l 3 111-21 3 117-21 3 117-21 3 117-21 5 N7-21 3 N11-21 3 111-2:

3 17-21 3 111-21 3 117-21 3 117-21 3 N17-21 3 117-21 3 N17-21 3 17-2:

3 117-21 3 111-21 3 111-21 3 111-21 3 N17-21 3 N7-21 3 NF-21 3 -2
1 N7-12-1 3 117-121 - - - - - ------

1 84.o - - - - ------

1 1.12.0 - - - - - - -------

3 17-21 3 N7-21 3 117-21 3 NE-al 3 117-21 3 "7-21 3 N17-21 3 17-2_

3 N7-21 3 17-21 3 N17-21 5 N11-21 3 N17-21 5 N7-23. 3 N17-21 3 N7-2_

1 7.6 1, 13.7 5 N17-21 3 111-21 1 6.9 3 111-21 3 NF-21 3 N7-2.
1 7.8 1 114.7 -- - 1 10.0 - - ----
1 7.9 1 15.7 - - - 1 10.1 - - ----

1 1.8 1 2.7 3 117-21 3 NE11 1 1.2 11N7-21 3 117-21 3 117-2
1 3.2 1 8.8 -- - 1 1.7 - - ----
1 14.3 1 9.7 - - 1 6 3(-7 - - ----

3 F4 3 N17.4q 3 NiE-141 3 17-14i- 3 117-41) "1-4c) 35 N7-149 3 117- 4

3 17-2-1 3 11F-21 5 NE-P1 3 117-1 3 ?_117-1 5 N1-21 3 N17-21 3 117-2
3 NF-121 3 N17-121 - - - -

3 17-21 5 117-21 3 117-21 3 NF7-21 5 N17-21 5 NF1-21 3 117-21 3 N7-2

3 117-121 3 11F-121 - - - ---

3 117-109 3 Tre-O 30 N7) ~ 3 117-109) 5 N1-1I0o9 3 NF17-o), 3 NF7-109 3 X7-1

3 117-109 NF I1-0 v) 5 17-10" 5 1 NF Iv 5 11710 -10,, 5 11711 3 N-109 3 5

3 N7- 109 NF 1-0, 3 N117I n,, 3 N7-'O', NF-1017.10 5 11730 lr 11-191-1

3 117-21 5 117-21 NF11-21 3 11F-2] 3 N17-21 3 117-21 3 N17-21 3 17-~

3 117-21 5 117-21 5 N17-21 5 117-21 I IT7-21 2 N17-21 3 117-21 3 NF-a
-- -- -- - - 1 0.00+ 1 1.14 - - -
-- ----- 1 (1.03 - - ----

3 117-21 3 117-21 3 117-?] 3 N-11-1 NF11-:' I I1N-21 3 N17-21 3 F1

- - -1 0.9 - - --

3 117-21 5 117-PI 5 N-21 5 N 5 11-21 3 117-21 3 117-21 "-21-3

3 W1-21 3 117-21 3 NE-?] 3 N17-21 5 5f- NF1-21 3 N17-21 .3 M7-~

3 NF-21 3 111-21 3 117-21 5 117-21 3 11-] 3 "1-21 3
3 117-121 3 117-121 - - -

ngth.



Report No* Lo414-l-O-12

Time to U%.. toVstoTMt
go. of Failure No. of Failure No. of Failure fro. of Failure No. of ftilure No. of Failure NO. Of 1a±2ure
Pecimnis S(awiL Specimesn (DYD P~ciamns 1,-Aý SnecIMea J)US §2!oim~ns ID_&6L Oveoimens (Days Smeciuas (Days

3 N17-21 3 NIP-21 3 11-21 3 N17-21 3 117-21 5 V1-22. 3 W-181

3 117-21 3 N17-21 3 N17-21 3 117-21 3 117-21 3 117-21 1 11-181
- -- - - -- -- 1 57.0- I : 1 61.7

3 N17-21 3 117-21 3 117-21 3 147-21 3 N17-21 3 W1-21 1 23.0
3 111-104 3 N17-104 3 117-104 3 117-104 3 117-104 3 11-104 1 23.2

-- -- -- -- - - - - 1 26.7

3 N17-21 3 N17-21 3 117-21 3 N17-21 3 N17-21 3 W1-21 1 5.7
3 NY7-104 3 117-104 3 117-104 3 117-104 3 117-104 3 11-104 1 7.0

- - -- --- - 1 14.2

3 117-21 3 NY-al 3 117-21 5 N17-21 3 N17-21 3 01-21 3 W17-15

3 117-21 3 117-21 3 117-21 3 N17-21 5 NY- 21 3 N17-21 1 NF-15
-- -- -- -- - - - - 1 3.9

-- -- ---- - - - - 1 6.9
3 117-21 3 N17-21 3 117-21 3 117-21 3 117-21 3 117.21 1 2.7

-- -- ----- - - - 1 3.9

3 N17-21 3 N17-21 3 117-21 3 117-2k1 3 N11-21 3 N17-21 --

3 Nr-21 5 117-21 5 117-21 5 117-21 5 117-21 3 117-21 --

3 117-21 3 117-21 1 6.9 3 117-21 5 117-21 3 117-21 --
-- - - 1 10.0

--- - 1 10.1

3 117-21 3 NF1-21 1 1.2 117.21 N 11-21 3 117-21 --
--- - 1 1.'r ----

--- - 1 6.7 -------

3 117-49 3 NF7-49 3 17-4,) NF11-49 3 17- 49 3 Ir?- 49 --

3 W1-21 3 117- 21 5 117-PI 3 11F-.1 5 11-21 3 117-21 --

3 117-21 3 117-21 3 N11-21 5 117-21 3 NF7-21 3 117-21 3 11-15

3 N7- 109 3 NF7-109 3 N17-m9 5 r 1(70) 5 117-109 3 my-1 I or,1N-112

3 17-10 lo 11NY 10ý, 3 F 0) F NY-10 3 11Y-A0O NP 11-2

5 MF-l1fl 3 NF 3 W~-10 NFlo'1 NF i ~ 3 XF.10c) N 11-112

3 117-21 3 11-21 3 117-21 117ý N-21 117-21 --

3 117-21 N 11-21 I N17-21 2 N17-21 N17-21 3 117-21 --

- 1 0,004 1 5.4. -

- - 1().03

5 117-21 3 11F-21 5 1-P1 117-P1 10'-21 3 n-21
-- 1 0.9

117F-21 3 117-21 5 117- 1 3 117-,l 5 117-21 3 117-2.1 --

3 117-21 3 117-21 5 N-1 5 N17-21 117F-21 .3 117-21 --

3 117-21 3 N17-21 3 IfF- 21 5 117-21 3 N17-21 11I7-21 --

Table 1



U-END SMU-CORR0S:

1 Soln.Yield Dist Tap Water ~eSalt B
strenobh Time to T1 ime to

0.2% Offset No. of Failure No. of Failure No. of Failure No. of
A.1lo psi x 10-3 Specimens ( Specimens ( Specimens ( Specimen,

Ladi sh D6A0 197.5 1 1-170" 2 NF-170 2 EF-170 2
1 167.6 - - -

222.5 1 137.3 2 NF-170 2 RF-170 2
222.5 1 141.7 - - -

235.0 1 20.2 1 I,-170 1 ,-17TO 2
235.0 1 32.9 1 33.3 - - -

252.0 1 18.4 1 28.9 2 NF-170 1
252.0 1 22.4 1 59.9 - - -

Type 300M 196.0 1 N-170 2 HF-170 2 N-170 2
196.0 1 111.7 " - "
213.0 1 18.4 2 NF-17O 2 NF-170 2
213.0 1 34.9 - - - -

233.0 1 1-1.9 1 22.4 2 NF-170 2
233.0 1 34.9 1 29.1 - - -

Vascojet 1000 194.0 1 1F-170 1 14•.7 2 N7-170 2
194.0 1 114o.7 1 163.4 - - -

212.0 1 14.7 1 60.4 2 NF-170 2
212.0 1 141.7 1 69.4 - - -

240.0 1 4.4 1 7.4 2 NF-170 2
240.0 1 11.4 1 19.5 - - -

NF = No failure in 170 days.
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U-mND SThMSS-CORROSION TEST DATA

Environment

Cr 0 Soln. 1% Marquench
Salt Soln. 3% NaCl Soln. Trichloroethylene Cosmoline 4% Soluble-Oil Soln.

Time to Time to Time to TiMe to Time to Time to
Failure No. of Failure No. of Failure No. of Failure No. of Failure No. of Failure
(_ays Specimens (Dys) Specimens (Ds) Specimens (Days) Specimens (ays) Specimens (Dys)

NF-17O 2 NF-17o 2 NF-17o 2 NF-17o 2 NF-17o 2 NF-170

NF-170 2 NF-170 2 NF-170 2 NF-170 2 NF-i"O 2 NF-170

NF-170 2 NYF-170 1 62.4 2 NF-170 2 NF-170 2 NF-17O

- - - 1 116.3 - - -

NF-170 1 NF-170 1 18.5 1 NF-170 2 NF-170 2 NF-170

- - - 1 46.9 -- -

NF-170 2 NF-170 I NF-170 2 NF-170 2 NF-170 2 NF-170

- -1 149.4 - - - -

NF-17T0 2 NF-170 1 11.3 1 49.9 2 NF-170 2 NF-170
- - 1 40.9 1 56.1 -- -

NF-170 2 NF-170 1 11.5 2 NF-170 2 NF-170 2 NF-170
- - 1 26.3 - - -

NF-170 2 1F-170 1 Np-170 2 NF- 17o 2 NF-170 2 NF-170
- - - 1 49.9 - - -

NF-170 2 NF-170 1 • 5. 2 NF-170 2 NF-170 2 NF-I70

- - 1 53.3 - - - -

NF-170 2 NF-170 1 4.3 1 46.9 2 NF-170 2 NF-170

- - 1 6.8 1 46.9 .- -

Table 2


